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(57) Abstract: 

PURPOSE: To make high mobility 
and low life time of a carrier 
compatible by a method wherein 
the carrier life time in the part in 
contact with a part of active 
region is to be arranged in the low 
life time region smaller than the 
active region. 

CONSTITUTION: An active region 
on an insulating substrate 101 is 
composed of a p type channel 
region 102, an n+source region 
105, an n+drain region 104, a gate 
insulating film 111, and a 
polysilicon gate 108. On the other 
hand, the surface side near the 
polysilicon gate 108 is provided 
with s jngl e crysta I or 
quasj^crystal while a low life time 
region 120 e.g. polycrystalline or 
amorphous, etc., is provided on 
the part near the insulating 
substrate 101 side. Through these 
procedures, the low life time layer 
120 can suppress the hole 
accumulation to immediately 
extingluish the hole in the low life 
time region 1 20 so that the 
deterioration in the breakdown 
strength due to the carrier 
accumulation as well as the 
fluctuation in inverse voltage in 
the channel region 102 may be 
suppressed. 
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Partial English Translation of 
LAID OPEN unexamined 
JAPANESE PATENT APPLICATION 
Publication No. 7-50417 

[0013] 

[Embodiments] Embodiments of the present invention will be hereinbelow 
in detail described with reference to drawings. 

(First Embodiment) The first embodiment of the present invention will be 
described with reference to Figures 1(a) and 1(b). Figure 1(a) is a 
sectional view of an NMOSFET and Figure 1(b) illustrates an I-V 
characteristic of the NMOSFET of Figure 1(a). 

[0014] The NMOSFET in Figure 1(a) is composed of a p-type channel 
region 102 (to serve as an active region), an n + source region 105, an n + 
drain region 1 04, a gate insulating film 1 1 1 and a polysilicon gate 1 08 on 
an insulating substrate 101. Reference number 110 denotes a source 
electrode and reference number 109 denotes a drain electrode. The 
insulating film 103 surrounds the MOSFET, and the surface thereof is 
covered with an interlay er insulating film 106 and a surface protection 
film 107. 

[0015] The features of the present invention in the first embodiment lies in 
that in the semiconductor layer forming a source, a channel and a drain, 
the surface portion thereof near the gate insulating film 108 is 
monocrystalline or quasi-single crystal, and the portion near the insulating 
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substrate 101 is a short lifetime layer 120 which is polycrystal or 
amorphous. 

[0016] Operations of the NMOSFET in the present embodiment will be 
hereinbelow described. The operations that the potential of the gate 
electrode 108 is raised, the n-type channel is induced in the surface portion 
of the channel region 102, and an electric current is flown from the drain 
to the source, are thoroughly the same with those in the conventional 
embodiment shown in Figure 27. When the relationship between the 
drain-source voltage V D s and the gate-source voltage V G s becomes V DS > 
Vgs-Vt wherein a turnover voltage of the channel region 102, the 
NMOSFET enters into the pentode region and the electric field focuses on 
the portion around the drain region 104 in the channel region 102. When 
injection of electrons flowing in the channel into a high electric field 
causes impact ionization, thereby generating pairs of holes and electrons. 
The generated holes are accumulated in the p-type channel region 1 02 in 
relation to the potential, and then, disappear. Since an SOI-NMOSFET 
with a high quality has a long lifetime of a hole as described in the 
conventional example, the accumulation thereof precedes to increase the 
potential of the p-type channel region, resulting in degradation in a 
withstanding voltage and change in the threshold value. In the present 
embodiment, a short lifetime layer 120 serves to prevent the hole 
accumulation. More specifically, the holes immediately disappear in the 
short lifetime layer 120, which restrains degradation in a withstanding 
voltage and V T variation due to the carrier accumulation. 
[0017] Figure 1(b) illustrates the relationship between the drain electric 
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current (I D ) and the drain-source voltage (V D sX using a lifetime rh of the 
hole in the short lifetime layer 120 as a parameter. It indicates that the 
shorter r h is, the better the saturation of the drain current is and the higher 
the withstanding voltage between the drain and the source is. Moreover, 
no dependency on the gate width is admitted, unlike in the conventional 
example of Figure 28 ( r h = 10" 9 (sec)). 

[0018] A current generated from the depletion layer at p-n junction of the 
channel and the drain, is apprehended in the structure of Figure 1(a). 
More specifically, a lifetime of a generated carrier is short in the region 
including the short lifetime layer 120 in the depletion layer, thereby 
generating a reverse current larger than the ordinary current at the p-n 
conjunction. In the present embodiment, the thickness of the short 
lifetime 120 is set as sufficiently small as from a friction to tenths of a 
friction of that of the channel region 102 in order to minimize the 
influence thereof. As a result, a drain-source leakage current at turning a 
channel off can be increased to only several times of that of the 
conventional example in Figure 27. The increase of this level never 
adversely affects practical use thereof. Additionally, the effect of the 
disappearance of the holes remains unchanged even when the short 
lifetime layer 120 is set thin. 
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< m cibx vmrtz r t So *nmm t pmo 

S F E TlcigfflT-£ 6 r t liW 5 *T*t>#V \ 
[0044] ^llJSMcJ;;^ y— KW V p n 

MosFET<oy-^m»tc> kmc ^ 

<m 6 <DMWft) 6 GOH5fi#i]£0 2 0 ~0 2 

[0 0 4 5] **JS0iJT'{i, {6:7^ ABSr^^N 
£E Jc^ U y — 8 0 5, KW ^ffi^c 8 0 4 & 

[0 04 6] 020 {C*3V^T, 801 ttStS, 82011 
Oky-iyf-l^m. 8 0 2l4pS^^MHiIt£, 80 5 
(in* y— 8 0 4ttn + KW>«t 811 

tty— nawR* 8 0 8{id<y->y ^vy— h«s % 8 

0 3 fi^SIST-fc-So y— KW^iift^J:!) 

[00471 021, 0 2 2 (40 2 0 <DftmTM<F>W& 
0T-fcS„ 8 0 1 ttttlfti££K, 820tt*y->y=>' 
XI±Bfc*"Y ^ £ K— 7* Ltc^S^W i=>l, 8 0 2 
y ^ v-C*ifo 9 , -Y sl-^&Al- £ 9 , p ® K 

iitf«i«{cgapg58 0 3^1t<5o ®2 2{Cj^-r 

1 5 ic. mmatizx 9 ^m^mm s o 4 

fttSI^ftLty- M*fldR8 1 1 Srl*T5. & 30 
totfy ixy av&igffU f— h®@8 0 8 *rf&l$.-t 

n + ii805, 8 0 4Sr^LTia2 0CC>«it&# 

-So 

[0 04 8] SOI JStSliE LTRANife, V — 1?— W 
[0 0 4 9] #mBBM\Z.£ti&. KWi'-f^/HII 
f L **vi'8*&MWW ^tvfcNMO S F E T ttfWfeT* 

So 

<^ 7 <Dmm?i) *&mcom 7 nmsm&m 23-02 

[0 050] *msM-r*l** fe.7-(7f"( 1 o« 

NMO S F E T CD^ffcfSigcS: t 9 Htriltl3BJ$ L-fco 

[0051] 023 (a) lA^llJifc^JWNMO S F E T 
O^Bi, 02 3 (b) tt (a) WAA' ^f®0. 0 2 
3 (c) 14 (a) (DEB' Wrffi0T?*>'5. 

[0052] fetem 90 2 {4*fe£lt££t£9 0 1 ±\CMF& 50 



7-50417 
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tl, ^55-ffltlBl9 0 3T-ffl*nTV^. h7V^?i 
2ltf>IBawa4ffi9-< A® 9 2 0 AS 

SrffltfBlc^Sn, WxIfBB' WS0}-a^tiS# 

TV^S. MOSFETiiy— hWM9 0 8, -teoHTC? 
y— 1 1 , SO 5 -^— h®fii©» StSJirt 

Cy-^SiS9 0 5. KW yft9 0 4**Jg|&d;IVC 
V^So 

[0 0 5 3] Jfcfc, *IQfi«»C*3V'»-CI4. aXS^-f^? 

^Af9 20 9 0 2 bWrtZUft&fck £-£3 

£fl£li9 0 3«?i:T^®ttgi^b"CV>5^ 

y-7i«9 0 5, KWvW9 04©pn^I 
t69 0 1^e>fStU ©n + y— KWV^te7Y7 
^-TAgMT-m^y-^, »fla&T;MBre>*v>flH£y 

v\ 

[0054] ^}^0 2 4~0 2 6 £rfflV^T\ ^Jfe^il<0 
^M^fe«rtft^i--5o 0 2 4 teimg&L 9 0 1 ±?C^ 

FET©Sfti90 2i^. F7V^^i42 

2 5 ic^-r «t p tc, ^ic^#aBHW3aasa«off* 

<DtfV->V 3^9 2 05rit»-r5o rtt^t-'is^-r 7 

#y«>y3V9 2o&8fc*u s^e«-^y->y =>>-9 

2 0^#$*'5o rw^-jfeiiLDD (Lightly Doped 
Drain) <DMO S F E T<Of^ft^fe-t?fflV>t>tU % LSI 

[0055] ^t7?^ x BMbt «£ o ^- HaMUi. *y 

L, 02 3 (a) ~ (c) (Ofl|itSr4§S. 
[0 0 5 6] *^K5F!ll4, te^7^^A«Sra*»bJ» 
riJ-C* -5 we, Jtift Wtt«*iat?MO S F E T (BINE 

iRij^a*iM»e>*«/4*ij-*ia J ife*. 

[0 0 5 7] 

& 0 a r. t ^t*# s iN»(«6«ar««-e* 

[0 0 5 8] J:9*(*ttfctt % *3i^SOI -MOS 
[0059]® SO I -MOSFETWSl^T'foofc 
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So 

10 0 6 0]® ?"Y*/i>1&<O=>'f0ht:kbte<b 
fc^^^/HB<Oflitfla5±#-*-* £. b&t£^<DX\ MO S 
FETWL#Wi^iW s £2- i b&<'\> tfco-CHJS&iljff^ 

SUSHI- 1 O^CDMOS h^>'v f ^^Sr^''fSlHl8ST*2 
0~4 0%©^-y^TefiSffl/J^** J *>ofc. 
[006 1]® TFT?rfflV^ h I) ^^M)Kbb«* 

l o#ro l ic^/j>-e# s„ Sfc#gfcoiB^&I*»rt- 
/^^tr^m-etSo 

[006 2]© #^91tefc^Sflz5gftlcJ:SSOI 
g4£(c2gfflT-# So ELTRANfti^itltf, It 

SkXUk<Dt£\/\ 4SO lSt5S:*flW{Cjgffl-e#S 
WT\ SO I £/E^fcMOS;ft«lE]&&iSi#iI , 9, 
< Mitf S r. i a«riB fc ftS. 

[oo63]® #y ->y =i>ro±fKg*#s eawai-i' 
<7>aA*#&ig s tcs^-r s r t -e, fi^ w 7 * as 

©7-<7^^AS:||»t5riiit§5. tot, 
ri^-arigi^So 

[006 4]® h5^#WiE, I-V«tt©^ 
[0065]® t^JtSSOI ^ESSoSSiJtXSTBIil 

Tjvfj y if<Dmwfma y v' y = ^xutt* 

SETJi WraM-*«>6*U MO S F E Tco*B#JS— W 

[ES^fsmfttawi 

[01] (a) tt#»WO»l<OSQS«lC,fcaSO I - 
NMOSFET»BfffillT'$)5o (b) hfc£3gl^tf>* 1 
W^JS^Ji-<tSSO I — NMO S F E TCO I -V#ttt 

ifcSo 

[0 2] *^ W 1 WliWIC iSSOI-NMOS 

f e T(Dm&xmmx*hz> 0 

[0 3] *»WroJBl»Ht6«^J:'5SO I -NMOS 
F E TroSaitXm0"C*)So 

[04] 1 WHIW t .t^SOI-NMOS 

F E T roaKfiXSHTifeS. 

[0 5] *WfiCOmi (VmMfflicXZSO I -NMOS 
F E T<^®»itX@0T-&S. 

[06] ^^SIlcDjlSfcM-iSSO I -NMOS 



it ■ 

7) #1^7 - 5 0 4 1 7 
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F E T <DM&TMMX'$b So 

[0 7] *«W©»l©liffiW-J:aSOI-NMOS 

[08] #5SBH©$&1 GOUS&iW-iS SO I -NMOS 
F ETtf>SaiX*S0-C*£>So 

[09] #569305* 2 0>%ffi0!llC cfcSSOI-NMOS 
F ETCOMitXg0T'feS o 

[010] #^<0*2CDHliSf!|{Cj;SSO I -NMO 
S F E TO®iifiXS0-eS)So 
10 [01 1] *^©S3©Hfi»Ci5SO I -NMO 
S FETOWf®0-CfcSo 

[012] #^tO*4C0^Jfe«C«tSSOI -NMO 
SFET©Wffc5„ 

[013] #^<0*4 0H^J(CJ:SSO I -NMO 
S F E TCD$&iiXS0-C-£>So 

[014] #5§93 Wfg 4 OHiS^JJC <fc S S O I -NMO 
S F E T<OglitXS0T-fcSo 

[0i 5] *&m<D%$ 5 (Dnrnm^xz so i -nmo 

SFETO»BIT-fe5o 
20 [016] *«W<Oj(5 5 CDiyfcWcJ: S SOI- NMO 
S F E T<75§Sj£XS0TfeSo 

[017] #3S9!a>JB 5 0>JfcltMK£a SOI- NMO 
S F ET»IBJEI8Hr*a. 

[018] #-3§91cd|I 5 rollJfcNlCots s o I - nmo 

S F E TC9SiifiXg0-C$>S„ 

[019] *?£W<on 5 (OSliSWc J: S SOI- NMO 

s f e t ©aeftxaBTf as>a. 
[020] ttmnmecomMMK&zso i -nmo 

S F E T<D®f®0-efoSo 
30 [02 1 ] #3§9!c7}*6 ©*ft«Cj:5SO I -NMO 
S F E TroSKfiXSHTf *>a. 

[022] -%WR<F>% 6 CDHMWlJ; S SOI- NMO 

s f ET«?aefixeBat?*>*. 

[02 3] (a) \Z&gm<n%i 7 (DgUfiWc <fcS SOI 
-NMOSFETCWi, (b) »± (a) liAA' »f 
00, (c) !±BB' »f®0t?feSo 

[02 4] #^OT*7W|QM^IiCj;SSO I -NMO 

S F ETWSiitXm0T-fcSo 

[025] 3^ww*7©sssa.wcj:aso I -NMO 

40 S F e TroSBfiXSH"?**. 

[02 6] #%9!<7)*7^JSMCJ:S SO I -NMO 

S F E Tro®BtXa0-C'foSo 

[02 7] ^3fe^J{c<tSSO I -NMOSFETO^fS 
0T'fcSo 

[02 8] t&feW-iSSO I — NMO S F E T CD I - 
V#f4T**)So 

1 0 1, 5 0 1, 6 0 1, 7 0 1, 8 0 1, 90 1 *fe 
50 1 0 2, 6 0 2, 7 0 2, 8 0 2, pSft^* 



(8) 



#^¥7 -5 0 4 1 7 



13 

10 3, 503, 603, 7 03, 803, 903 $6 

1 04, 5 04, 604, 7 04, 804, 9 04 n 

1 0 5, 5 0 5, 6 0 5, 7 0 5, 8 0 5, 9 0 5 n 

106 smttttR 
i o 7 mm&mim 

108, 508, 608, 708, 808, 908 tf 
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109 KW^tS 

110 y— 

111,511,611,711, 811,911 y 

1 2 0, 5 20, 6 2 0, 7 20, 8 2 0, 9 20 {6 

5 0 2 1W£ B B H J1 
9 0 2 
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